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DV LQ DHURVSDFH SULQWHUV VFDQQHUV FRSLHUV ID[HV ZRUG SURFHVVRUV RSWLFDO DQG PDJQHWLF GLVN GHYLFHV PHGLFDO
HTXLSPHQW ;< SORWWHUV &1& PDFKLQHV VHPLFRQGXFWRU IDEULFDWLRQ HTXLSPHQW DJULFXOWXUDO DXWRPDWLRQ







UHVROXWLRQ RI  VWHSV 7KLV UHVROXWLRQ LV  WLPHV KLJKHUZKHQ FRPSDUHGZLWK WZR SKDVH VWHSSHUPRWRU 7KH
DSSOLFDWLRQVZKHUHKLJKSUHFLVLRQORZYLEUDWLRQDQGORZQRLVHLVUHTXLUHGILYHSKDVHK\EULGVWHSSHUPRWRUFDQEH
HPSOR\HG FRPSDUHG WR WZRSKDVH K\EULG VWHSSHU PRWRU )LYHSKDVH VWHSSHU PRWRUV DUH VXSHULRU LQ G\QDPLF
SHUIRUPDQFH >@$ KLJK SUHFLVH SRVLWLRQ FRQWURO XVLQJ ILYHSKDVH K\EULG VWHSSHUPRWRU LV DFKLHYHG LQ RSHQ ORRS
FRQWURO DFKLHYHV 7KH KLJKHU WKH QXPEHU RI SKDVHV VPDOOHU ZLOO EH SRVLWLRQLQJ GHYLDWLRQV 0LFURVWHSSLQJ LV D
WHFKQRORJ\ WKDW DFKLHYHV ORZ UHVRQDQFH ORZQRLVHRSHUDWLRQ DW H[WUHPHO\ ORZ VSHHGV E\ FRQWUROOLQJ WKH IORZRI





WKH SURSHU DPRXQW RI FXUUHQW DW WKH ULJKW WLPH WR WKH VWHSSLQJPRWRUZLQGLQJV LQ RUGHU IRU WKHPRWRU WR SURYLGH
DFFXUDWHDQGVPRRWKPRWLRQWRWKHORDG
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)LJDERYHVKRZVWKHEDVLFIXQFWLRQDOEORFNGLDJUDPRIDSKDVH3HQWDJRQGULYHUFLUFXLW>@>@>@(DFKRI














7KHH[FLWDWLRQVHTXHQFHJHQHUDWRU IXQFWLRQ LVSULPDULO\ UHVSRQVLEOH IRUFRQYHUWLQJ WKH VWHSDQGGLUHFWLRQ LQSXW
VLJQDOVIURPWKHXSSHUOHYHOFRQWUROOHULQWRWKHSURSHUSKDVHVHTXHQFHWRFDXVHWKHSKDVHVWHSSLQJPRWRUWRURWDWH





@7KH LQWHUQDOEORFNGLDJUDPRI6,LVVKRZQLQILJXUH7KHSKDVH21H[FLWDWLRQVWDWH WDEOH LVVKRZQLQ
WDEOHEHORZ$Q+UHSUHVHQWVWKDWWKH026)(7LVDFWLYH
7DEOHSKDVHV21)XOOVWHSH[FLWDWLRQ
6WHS          
92+*$ + + / / / / / / / +
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92+*( / / / / / / / + + +
92/$ / / / / + + + / / /
92/% / / / / / / + + + /
92/& + / / / / / / / + +
92/' + + + / / / / / / /
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FKDUJH IURPRQHSODFH WRDQRWKHU ,QHIIHFW DVRQHFDSDFLWRU LVFKDUJHVDQG WKHQVZLWFKHGRII WKHFKDQJH LQ WKDW
FDSDFLWRU LV WKHQLQWRWKHQH[WFDSDFLWRU WREHDGGHGWRWKHSRZHUVXSSO\YROWDJH7KLVSURFHVVFDQEHUHSHDWHGDV
PDQ\WLPHVDV\RXZRXOGOLNHXQWLOWKHFKDUJHVWRUHGE\ODVWFDSDFLWRUHTXDOVWKHYDOXHGHVLUHG
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3RZHUVWDJH
,QWKHGHVLJQRISRZHUVWDJHLWGUDPDWLFDOO\LQFUHDVHWKHSRZHUFRQVXPSWLRQZLWKELSRODUWUDQVLVWRUV7KHUHIRUH
1FKDQQHO 026)(7V ZHUH VHOHFWHG DV WKH RXWSXW SRZHU VWDJH WR GULYH WKH ZLQGLQJV RI VWHSSLQJ PRWRUV 7ZR
026)(7 FKLSV WHUPHG DV 6/$  DQG 6/$ZHUH XVHG DV WKH SRZHU VWDJH RI WKH GULYHU >@>@ %RWK
026)(7V  FRQWULEXWH WR ILYH SDLUV RI SXVKSXOO GULYHU WR GULYH HDFK FRLO RI D ILYH SKDVH VWHSSLQJPRWRU 6LQFH




FRQVWDQW FXUUHQW GULYHU D KLJKHU YROWDJH DSSOLHG WR WKH RXWSXW026)(7V LV SUHIHUDEOH+RZHYHU WKHPD[LPXP
UDWLQJRI6,DQG026)(7DUHYROWV DQGYROWV UHVSHFWLYHO\&RQVLGHULQJ WKHPD[LPXP UDWLQJ DQG WKH
FDSDFLW\RIKHDW VLQN DQ LQGXVWULDO VWDQGDUGYROWV LV DGRSWHGDV WKHSRZHU VXSSO\RI WKHGULYHU$ UHJXODWRU LV
GHVLJQHGRQWKHGULYHUWRUHJXODWHWKHYROWVWRD9ORJLFVXSSO\IRU6,
0DQPDFKLQHLQWHUIDFH
7KH/('VDUHXVHGDV LQGLFDWRUVIRUPDQPDFKLQH LQWHUIDFH5HG/('LQGLFDWHV WKHSRZHURI WKHGULYHU LVRQ
JUHHQ /(' LQGLFDWHV WKH GLUHFWLRQ RI WKH PRWRU DQG \HOORZ /(' LQGLFDWHV WKDW FORFN LV SURYLGLQJ E\ V\VWHP
FRQWUROOHU 6, FDQ RSHUDWH LQ WZR GLIIHUHQWPRGHV IRXUSKDVH H[FLWDWLRQPRGH RU IRXUILYHSKDVH H[FLWDWLRQ
PRGH)RXUSKDVHH[FLWDWLRQDQGIRXUILYHSKDVHH[FLWDWLRQPRGHDUHDOVRWHUPHGDVIXOOVWHSDQGKDOIVWHSPRGH$
ILYH SKDVH VWHSSLQJPRWRU LQ IXOOKDOI VWHS PRGH FDQ UHDFK WKH UHVROXWLRQ RQ  VWHSV SHU UHYROXWLRQ RU






DSSOLFDWLRQ ,W¶V RQERDUG &&38 DORQJZLWK D 0+] FORFN FU\VWDO DQG WZR  SURJUDPPDEOH WLPHUV
FRQWUROVXSWRWKUHHGULYHUD[LVRQHPRWRUFKDQQHOLQGHSHQGHQWO\DQGVLPXOWDQHRXVO\'LJLWDOSXOVHDQGGLUHFWLRQDO
RXWSXW VLJQDOV FRQWURO HDFKPRWRU E\ VWHS UDWH DQG FORFNZLVHFRXQWHUFORFNZLVH &:&&:GLUHFWLRQ:KHQ WKH
GULYHULVRSHUDWHGXQGHULQGHSHQGHQWSRVLWLRQFRQWUROOHUPRGHDOLQHDUDFFHOHUDWLRQDQGGHFHOHUDWLRQSURJUDPZDV






FORFN DQG GLUHFWLRQ VLJQDOV DV LQSXWV WR WKH WHVWHG GULYHU $ VRIWZDUH SDFNDJH LQFOXGLQJ VHYHUDO IXQFWLRQV ZDV
GHVLJQHGZLWK&ODQJXDJHVRDVWREHIHDVLEOHWRWHVWWKLVGULYHU7KHPRVWXVHGIXQFWLRQRIWKLVSDFNDJHZDVOLQHDU
DFFHOHUDWLRQDQGGHFHOHUDWLRQVR WKDW WKHPRWRUPD\VWDUWDQGVWRSPRUHVPRRWKO\DQGDOORZWKHPRWRU WRUHDFKD
KLJKHUVSHHGWKDWLQWKHFDVHRIZLWKRXWDFFHOHUDWLRQDQGGHFHOHUDWLRQ$ILYH±SKDVHVWHSSLQJPRWRU0RGHO3.
1%$ZLWKDUDWHGFXUUHQWRI$ȍIURP9(;7$25,(17$/02725-DSDQZDVXVHGWRFRQQHFWZLWK
WKLV SURSRVHGGULYHU([SHULPHQWDO UHVXOWV GHPRQVWUDWH WKDW WKH UHVSRQVHV FDQ UHDFKNLOR SXOVHVSHU VHFRQG DV
GULYLQJDILYHSKDVHVWHSSLQJPRWRUZLWKDSKDVHFXUUHQWRI$$NLORSXOVHVSXOVHUDWHPHDQVWKDWWKHPRWRU
FDQURWDWHDWVSHHGRIDURXQGUHYROXWLRQVSHUVHFRQGZKHQRSHUDWHGLQKDOIVWHSPRGH
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&RQFOXVLRQ
7KLV SDSHU SUHVHQWV D GHVLJQ RI D FRPSDFW DQG LQWHOOLJHQFH ILYHSKDVH VWHSSLQJ PRWRU GULYH :LWK VSHFLDO
GHVLJQHG,& WKHGULYHU LV VPDOOHU WKDQDEXVLQHVVFDUG$OWKRXJK LW LVDFRPSDFWGULYHU LWFDQSURYLGHDZLQGLQJ
FXUUHQW DQGSXOVH UDWH XS WR  DPSHUHV DQG NSSV UHVSHFWLYHO\ 6HOI ± WHVW IXQFWLRQ DOVR LPEHGGHG LQVLGH WKH
3&/ &&38 RI WKH GULYHU VR WKDW HQJLQHHUV FDQ FKHFNZKHWKHU WKH GULYHU LV QRUPDO RU QRWZLWKRXW D
H[WHUQDOHTXLSPHQW&RQVLGHULQJWKHSRVLWLRQLQJDELOLW\DQGSUHFLVHVSHHGFRQWUROWKLVSURSRVHGGULYHUFDQSURYLGH
YDOXDEOH5RERWLFVDQG$XWRPDWLRQ(QJLQHHULQJDSSOLFDWLRQVLQYROYLQJHLWKHUSRVLWLRQFRQWURORUVSHHGFRQWURO
5HIHUHQFHV
>@ .HQMR76XJDZDUD$6WHSSLQJ0RWRUVDQG0LFURSURFHVVRU&RQWURO/RQGRQ2[IRUG&ODUHQGRQ3UHVV
>@ $FDUQOH\336WHSSLQJ0RWRUVD*XLGHWR0RGHUQ7KHRU\DQG3UDFWLFH3HWHU3HUHJULQXV/WG/RQGRQ
>@ 7DNDVDNL.6XJDZDUD$6WHSSLQJ0RWRUVDQG7KHLU0LFURSURFHVVRU&RQWUROV&ODUHQGRQ3UVVVKEN2[IRUG
>@ 0RUDU$6LVWHPHHOHFWURQLFHGHFRPDQGăúLDOLPHQWDUHDPRWRDUHORUSDVFXSDVLPSOHPHQWDWHSHFDOFXODWRDUHSHVRQDOH(OHFWURQLFV\VWHPV
IRUVWHSSLQJPRWRUFRQWUROLPSOHPHQWHGRQSHUVRQDOFRPSXWHU3K'7KHVLV8QLYHUVLWDWHD7HKQLFăGLQ&OXM1DSRFD
>@ 0RUDU$&RPDQGDLQWHOLJHQWDDDFWLRQDULORUHOHFWULFHFXPRWRDUHSDVFXSDV(GLWXUD0(',$0,5$&OXM1DSRFD
>@ %RWVRQ0-HIIUH\666WHSKHQ566SRQWDQHRXV6SHHG5HYHUVDOVLQ6WHSSHU0RWRU,(((7UDQV&RQWURO6\VWHPV7HFKQRORJ\

>@ 0F*XLQHVV-DQG/DKU%$GYDQWDJHVRI)LYH3KDVH0RWRUVLQ0LFURVWHSSLQJ'ULYHLQ3URF,((&ROORTXLXPRQ6WHSSHU0RWRUVDQG
7KHLU&RQWURO
>@ %HOOLQL$&RQFDUL&)UDQFHVFKLQL*7RVFDQL$0L[HG0RGH3:0IRU+LJKSHUIRUPDQFH6WHSSLQJ0RWRUV,((7UDQV,QGXVWULDO
(OHFWURQLFV
>@ :HHUDNRRQ766DPDUDQD\DNH/'HYHORSPHQWRID1RYHO'ULYH7RSRORJ\IRUD)LYH3KDVH6WHSSHU0RWRU,Q3URF,(((,QGXVWULDO
DQG,QIRUPDWLRQ6\VWHPV&RQI
>@$GKLNDUL32NDUR0)LYHOHYHO)LYHSKDVH3:06LJQDO*HQHUDWLRQXVLQJ)3*$,((7UDQV,QGXVWULDO(OHFWURQLFV
>@)DULG%$PDU2$6WXG\RI1HZ7HFKQLTXHVRI&RQWUROOHG3:0,QYHUWHUV(XURSHDQ-RXUQDORI6FLHQWLILF5HVHDUFK
>@-RQJ606LDR67.DQJ<$Q,PSOHPHQWDWLRQRI)3*$%DVHG'ULYHU)RUDSSURDFKLQJ+LJK5HVROXWLRQRI)LYHSKDVH+LEULG6WHSSHU
0RWRU0DFKLQH/HDUQLQJDQG&\EHUQHWLFV,&0/&,QWHUQDWLRQDO&RQIHUHQFH
>@%DOXWD*$FWLRQDULHOHFWULFHGHPLFDSXWHUH$SOLFDWLL(GLWXUD32/,7(+1,80,DVL
>@7KH%DVLFVRI6WHSSLQJ0RWRUV2ULHQWDO0RWRU&R/WG-DSDQ
>@$SSOLFDWLRQ*XLGHVRI6WHS0RWRU2ULHQWDO0RWRU&R/WG-DSDQ
>@2ULHQWDO0RWRU6WHSSLQJ0RWRUV*HQHUDO&DWDORJ
>@670LFURHOHFWURQLFV0RWLRQ&RQWURO$SSOLFDWLRQ0DQXDO
>@/(00RGXOH'DWD%RRN*HQHYH6ZLW]HUODQG
>@3RUWHVFDS³0RWLRQ6\VWHPV´
>@3&/±6WHSSLQJ0RWRU&RQWURO&DUG3&±/DE&DUG6HULHV/DERUDWRU\0DQXDO
